The researchers tested an afterschool activity focused on engineering to determine the impact it had on middle school students' self-efficacies and perception of STEM. When comparing the results of the pre and post survey, on average, males had a +0.75 increase in self-efficacy, whereas females had a +0.61 increase in self-efficacy. While when assessing for perception of STEM, the researchers found that females increased with -0.6 and males increased -0.23, demonstrating that female interest increased at a higher rate than males after participating in the engineering activity. The most significant finding in this paper is that students who had a preexisting interest in STEM reported an increased interest after participating in the engineering afterschool activity.
Introduction
Declining student interest in collegiate science, technology, engineering, and mathematics (STEM) degree programs is a nationwide concern. The American College Testing (ACT) organization, reported that "over the past ten years, the percentage of ACT-tested students who said they were interested in majoring in engineering [STEM fields] has dropped steadily from 7.6 percent to 4.9 percent" 1 . The purpose of this research study was to determine what impact an afterschool engineering program had on student self-efficacy and perception of STEM.
Federal, state, and local organizations have dedicated many resources to addressing the national STEM crisis. According to data obtained from the National Science Foundation (NSF) 2 , the number of international undergraduate students enrolled in a science and/or engineering program in the U.S. is growing at a faster rate than the number of domestic students. In 2007, the Committee on Science, Engineering, and Public Policy reported on the state of STEM Education in the United States expressing the urgency in addressing this issue as "the domestic and world economics depends on more and more on science and engineering. But our primary and secondary schools do not seem able to produce enough students with the interest, motivation, knowledge, and skills they will need to compete and prosper in the emerging world" 3 . In order to address these concerns, the researchers developed an afterschool program that would complement the math and science activities students participated in during normal school time. The afterschool activities provided the students with additional exposure to math and science in an engaging, hands on format.
Literature Review
Past research shows that, in addition to providing students with exposure to advanced math and science courses, pre-collegiate STEM programs are designed to act as a pathway to collegiate STEM degrees. Researchers have argued that increased levels of exposure to pre-collegiate math and science lead to higher self-efficacy, which may then lead to an increased likelihood for enrollment in and persistence through a collegiate STEM degree program [4] [5] [6] [7] . Major themes from research on STEM focused afterschool programs show that it results in increased levels of selfefficacy as it relates to confidence to be successful in math and science; pre-collegiate exposure to these fields led to increased likelihood of collegiate persistence in a STEM major.
Self-efficacy. In the study by Fantz et al. 4 , the researchers looked at the student experience by considering the relationship between pre-collegiate engineering factors (e.g., outreach programs, field trips, exposure to engineering colleges, summer camps, etc.) and engineering students' selfefficacies. In particular, the researchers wanted to know if there were some types of precollegiate engineering factors associated with higher self-efficacy than others. The researchers hypothesized that the more rigorous the pre-collegiate experience, the more likely a student would possess a higher self-efficacy in math and science, resulting in an increased likelihood that the student would enroll in and persist through a collegiate engineering program. Fantz et al. 4 called for more resources to be focused on developing pre-collegiate STEM experiences for K-12 students, as they lead to higher self-efficacy in students and a greater likelihood for enrollment in and persistence through a collegiate STEM major. The findings are not surprising as it seems obvious that students who are participating in activities such as pre-engineering classes, engineering summer camps, and math and science hobbies are more likely to enroll in and persist through collegiate STEM programs than students who have not had those experiences. The researchers called for more rigorous pre-collegiate engineering activities that include higher levels of mathematics and engineering and targeting of students who display an interest in these courses through their hobbies.
Persistence. In one quantitative study, Espinosa 8 looked at the effects of pre-collegiate activities, experiences in college, and institutional setting on the persistence of females (N=1385) in collegiate STEM majors. Espinosa's 8 research revealed that females were more likely to enroll in and persist through collegiate STEM programs if they had the opportunity to engage with their peers and participate in STEM-related student organizations, and if they were made aware of altruistic career opportunities. The findings from the study called for developing cohort STEM programs that provide female students with a greater sense of community, increasing the number of student organizations related to STEM fields (e.g., Society of Women Engineers), and providing female students with real world experiences that demonstrate how a career in STEM can influence environmental, social, and economic problems.
Exposure. With regard to increasing K-12 resources and access to pre-collegiate STEM programs, organizations such as ACT encourage secondary institutions to align their academic standards with higher education institutions and provide more college readiness opportunities so that students are better prepared for collegiate STEM programs. Consequently, ACT recommended that educators raise expectations of students so that they develop strong math and Page 26.727.3 science skills by requiring that all students complete three years of a rigorous math and science course sequence 1 .
Methods
The American Psychological Association reported that by second and third grade, many students begin to lose motivation to learn 9 . Additionally, past research reports that students make career and curriculum choices that can influence their future postsecondary and education career paths by middle school 10 . Knowing that elementary and secondary school curriculum exposure drives postsecondary education choices and career paths, the researches focused on outreach to middle school populations for this study. The researchers hypothesized that because hands-on, precollegiate STEM afterschool programs provide additional exposure to math and science concepts, they will act as a pathway to collegiate STEM degrees. Past researchers argued that increased levels of exposure to pre-collegiate math and science will lead to higher self-efficacy, which may then lead to an increased likelihood for enrollment in and persistence through a collegiate STEM degree program [4] [5] [6] [7] .
Middle school age students self-selected to participate in an engineering afterschool activity that was hosted by a midwestern university, in addition to participating in the activity, students were assessed to determine the impact the activity had on the students' (1) self-efficacies as it relates to STEM and overall (2) perceptions of STEM. The students' self-efficacies were measured by the administering of the Motivated Student Learning Questionnaire and the STEM Semantics Survey measured the perception of STEM. The following study is structured so that an overview of the activity is provided, followed by the results from the Motivated Student Learning Questionnaire, the results from the STEM Semantics Survey and a conclusion of findings with recommendations for future research.
Engineering Afterschool Activity.
As part of the engineering afterschool activity, middle school age participants designed and constructed a structure using K'NEX Education Real Bridge Building sets. Four-sets of the K'NEX building pieces were combined, providing participants with more than 9000 building parts to use for this activity. Each step of this activity played an integral role in the overall understanding of the engineering design and construction process as it relates to building systems engineering programs, specifically focusing on the areas of architectural engineering, construction engineering and construction management. Figure 1 , Engineering Afterschool Activity, is an example of how the participants were engaged in the building of the structures. Provided below is the 13-step process used by the researchers when engaging the participants in the engineering afterschool activity.
Figure 1 Engineering Afterschool Activity

13-Step Engineering Afterschool Activity
Step 1: Participants received a general overview of engineering to get them prepared for the day. The overview included having the participants watch the video "What is engineering?" created and produced by The University of Newcastle Australia 11 . After the video concluded, the afterschool activity leader, who is an engineering outreach specialist, discussed what was learned through a question and answer session, furthering the exploration and understanding of engineering. At the conclusion of the general engineering discussion, an introduction to building systems engineering programs (architectural engineering, construction engineering and construction management) was provided by the afterschool activity leader. The lesson began with the topic of the role of the construction manager. This overview covers the responsibilities of the construction manager specifically related to leading a team, project management, scheduling, budgeting and conflict resolution. While the construction engineer was described as the individual who would prepare diagrams, charts and surveys showing specific information about the area and the desired project.
Step 2: The engineering afterschool activity is reviewed. The afterschool activity leader provided an overview of the project, checking for participant understanding by asking the group questions related to the topics covered. A visual example of a completed project was provided to the participants with the goal of outlining the construction and building expectations; however, the activity leader gave clear direction to participants that they may not copy the model's design. An example of a completed project is shown in Figure 2 , Engineering Afterschool Activity Completed Project.
Figure 2 Engineering Afterschool Activity Completed Project
Step 3: Participants were divided into groups of four or five using a random grouping activity. Each group was provided with a project booklet containing a note card with a type of engineer listed on one side and its definition on the other. For example, a card might contain "structural engineer" and when instructions are given to group together, participants with "civil engineer" on their card will group together. Upon grouping participants, each participant was asked to share the type of engineer that they are and to provide a brief description of their role. Project building kits were handed out in this step as well. The kits include equal amounts of K'NEX pieces, pencils, 2 rulers, 2 rolls of clear tape, 5 feet of 3-braid string, 2 scissors, 6 craft variety pipe-cleaners, and 6 regular sized drinking straws. The string, pipe cleaners and drinking straws were included as creative elements. Past examples for how the creative elements were integrated into the building process include: rain collection units made of straws, dome supports constructed from pipe cleaners and structural cabling designed from string.
Step 4: Participants began the project by assigning project roles using the "Roles and Responsibility" form that was included in the project booklet. Project roles include construction manager, architect, structural engineer, lighting and electrical engineer, mechanical engineer and acoustical engineer.
Step 5: Once roles were defined, participants read through a letter from a client wanting to construct a new building. For example, the letter may be from a client requesting an adventure Page 26.727.6
center to help promote physical fitness using characteristics that would make it unique to the area that integrates green energy features while working within a minimal budget (see Figure 3 , Engineering Afterschool Activity Model).
Figure 3 Engineering Afterschool Activity Model
Step 6: Participants brainstormed what their building should look like in their groups. An Activity Rubric displayed in Figure 4 was made available to groups as a general guide for neatness, structural design, and overall completion. The highest possible quantifiable score is 20, with 4 subjective points available for judges to use at their discretion. The Engineering Activity Rubric as represented in Figure 4 served only as a specification guide for what should be visible in the final product; and, therefore, it did not detract from the individual imagination and creativity from the groups. Once the participants sketched the preliminary design, the architect began designing the building model using the engineering paper found in the project booklet.
Page 26.727.7 Project plan is neat and orderly, but the structure is not.
Project plan is not neat and orderly, but the structure is.
Project plan and structure are not neat and orderly.
Construction
Management: Build
Building is complete and per architectural plan.
Building is complete but does not follow architectural plan.
Building is incomplete but architectural plan is evident in the structure.
Building is incomplete and architectural plan was not followed during the build. Page 26.727.8
Step 7: During this step participants were engaged in a discussion that included an overview of architectural engineering. In this overview participants learned simple principles of structural engineering. Footings, columns, frames, domes, arches and cantilevers were introduced and demonstrations given. Using role-playing techniques with the participants, they were able to model what a column would look like. For example, two participants would stand back to back with arms up holding an object such as a book (see Figure 5 , Student Arch). To model an arch, participants form two lines and then lean in with hands connected. These structural design demonstrations formed a basic understanding for participants to use in their own building designs.
Figure 5 Student Arch
Step 8: Upon completion of the project model, the structural engineer laid out building pieces to begin construction. Construction takes time and teamwork is essential to bringing the design to a reality. The construction manager led this process and she was responsible for all final design decisions, which can help calm disagreements between group members.
Step 9: Construction paper was used as wall panels and was affixed to the K'NEX pieces using clear tape. The paper was also used as flooring for upper levels.
Step 10: When most groups were at the construction paper phase, an engineering faculty member introduced lighting and electrical engineering principles related to architectural engineering. Participants were provided an overview of lighting and electrical engineering using the lighting Page 26.727.9
and electrical lab that is located at the university site hosting the afterschool activity. The lab demonstration provided participants with an overview of the visual effect of colored lighting related to temperature. The demonstration also showcased the impact of a light containing only one color from the color spectrum. Showcasing the lighting and electrical elements provided a general understanding of what types of lights and what color of lights would be used in certain spaces. In addition to electrical lighting, participants were also introduced to day lighting principles and sustainable energy solutions such as solar panels. Living in the Midwest, participants learned that solar panels should be adjusted to a 43-degree angle to match their latitudinal location in order to maximize solar input. See Figure 6 , Lighting Design Phase, for an example of how participants relied on sustainable energy in their building.
Figure 6 Lighting Design Phase
Step 11: After the lighting and electrical overview, participants began adding lighting elements to their structures, including colored paper light bulbs were hand out to the groups for this purpose. Pink lights represented warm lighting, while blue lights represented cool lighting. Participants were also given plastic wrap to be used for windows and skylights (see Figure 6 , Lighting Design Phase).
Step 12: The final overview related to mechanical and acoustical engineering. An acoustical engineering faculty member showcased sound using a simple decibel meter. The faculty member provided an introduction to heating, ventilation and air conditioning (HVAC). The participants found that they could locate a HVAC system in most any room or building. Page 26.727.10
Step 13: During the final construction phase, participants were given 12x12 inch sheets of aluminum foil to construct solar panels for the buildings, should they choose to use them in the design. For the more advanced groups, they may add decorative elements to their buildings, such as landscaping, exterior lights, and specific marketing pieces such as signage.
Once building time was completed, all groups stepped away from the construction in order to begin group presentations. Groups were given 5 minutes to clean their spaces before presentations. A panel of judges consisting of 2 collegiate engineering students, 1 engineering faculty member and 1 engineering alumnus called on the groups to discuss their building structures, explain why they chose the design elements they did, share problems faced and to consider what they would do differently if given the opportunity. At the end of the event, engineering certificates were awarded to all group members, with prizes given to the winning team members.
Assessment Tools
This research study relied on two tools for assessment of the impact of the engineering afterschool activity on participants' self-efficacies and perception of STEM. The first assessment tool, Motivated Student Learning Questionnaire (MSLQ) tested for participant self-confidence as it relates to the afterschool activity and the second tool, STEM Semantics Survey, captured data on participants' perception of STEM. Participants were assessed at the start of the activity and upon completing the activity with the goal of determining if the activity impacted selfconfidence or perception. Table 1 , Assessment Tool, Timing and Measurement, presents the assessment tool used, when it was administered and what was measured. VanderStoep and Pintrich (2003) to assess participants' motivational orientations and their use of different learning strategies. The MSLQ was administered pre and post activity to test for changes in participants' self-efficacies in STEM disciplines. Self-efficacy statements are listed in Table 2 , Self-Efficacy Statements. Table 2 Self-Efficacy Statements 1. I believe that I will receive an excellent grade.
2. I am certain I can understand the most difficult material presented in the readings for this class.
3. I am confident I can understand the basic concepts taught in this class.
4. I am confident I can understand the most complex material presented by all faculty and industry Presenters in this class.
5. I am confident I can do an excellent job on the assignments and test in this class.
6. I expect to do well in this class.
7. I am certain I can master the skills being taught in this class.
8. Considering the difficulty of the course, the teachers, and my skills, I think I will do well in this class.
STEM Semantic Survey. The STEM Semantic Survey was administered pre and post activity to assess for changes in participants' interest in a STEM career. Tyler-Wood, Knezek, and Christensen 14 developed the STEM Semantics Survey as a tool to assess perception of STEM disciplines and careers. The STEM Semantics Survey is a five-part questionnaire designed to assess for perceptions of scientific disciplines.
Motivated Student Learning Questionnaire Assessment
Program participants were given a survey containing eight personal belief statements in Table 2 , Self-Efficacy Statements that ranks their confidence on a 1 to 7 scale. A score of 1, which represents "not at all true of me" would indicate no confidence in relation to the personal belief, while a ranking of 7, "very true of me" would show a high level of confidence as it relates to the personal belief. For each statement, a higher score would therefore correspond to a higher level of self-efficacy. The survey was administered immediately at the beginning of the activity and was the last action item in the program. This testing sequence was referred to as the pre and post surveys.
Sample Population. Surveys were administered to male and female participants of 4 separate afterschool activity groups who had completed the building systems engineering activity. The total number of participants, from all 4-day engineering activities, who completed the survey, was 110 (N=110). Pre survey responses were collected from 110 participants consisting of males Page 26.727.12 (N=36) and females (N=74). Post survey responses were collected from 94 participants (25 males and 69 females).
Results. Graph 1, Average Response on the Pre Survey Engineering Program Participants, illustrates data from the pre survey for the combined participants in the engineering activity and Graph 2, Average MSLQ Response for Post Survey, consists of data from the post survey for the combined participants in the engineering activity. As previously stated, a higher response value corresponds to having higher self-efficacy as it relates to STEM. The overall average response among all eight statements was averaged for all participants, both male and female participants, and is shown in Graph 3, Average MSLQ Statement (Pre and Post) Responses. Table 2 , SelfEfficacy Statements, displays the eight statements that the sample population responded to in the pre and post assessments. Seventy-four females and thirty-six males (N = 110) participants completed the MSLQ pre and post assessment. As displayed in Graph 2, Average MSLQ Response for Post-Survey there is a significant increase in self-efficacy for both males and females after completing the engineering activity. engineering project, as shown by generally lower averages, female and male participants were more confident about the content they learned after the program was finished. For females, questions 1, 2, and 7 reported the largest gains of +0.9 to +1 between the pre and post survey, illustrating that for female participants there confidence in likelihood of success, ability to comprehend new STEM topic content and mastery of theory to practice skills can significantly increased after exposure to the engineering afterschool activity. Surprisingly, the results of the MSLQ pre survey (see Graph 1, Average Response on the Pre Survey Engineering Program Participants) indicate that female participant's self-efficacy was higher than the reported selfefficacy of male participants at the start of the activity and at the end. The data shows that female and male self-efficacy both demonstrated increased self-efficacy as a result of the engineering intervention. While males experienced a larger overall increase than females, they were still less confident than females when comparing the pre to post survey results.
STEM Semantics Survey Assessment
In order to assess perception of STEM programs, program participants were given a survey containing 25 personal belief statements related to science, mathematics, technology, engineering, and careers, in which they would rank their perception of the statement on a scale of one to seven (Table 3 , STEM Semantics Belief Statements). In order to "clean up" the data before analysis, the values of the survey were made consistent. In order to encourage participants to reflect on each pair in the STEM Semantics Survey, some values are switched. For example, a 7 might be a very positive reflection of science in one question (ex. "Fascinating"), but a very negative one (ex. "Unappealing") in the next item. Therefore, all of the values were first converted so that very positive = 1, and negative = 7. For each statement, a lower score would therefore correspond to a higher level of interest in the subject area. The survey was administered immediately at the beginning of the engineering activity and was the last action item in the program. This testing sequence will be referred to as the pre and post surveys.
